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PRELIMINARY ANALYSIS OF NEUTRON OPTICAL POTENTIAL
FOR A = 40 ~ 60 BELOW 10 MEVT

Su Zong Di*
Nuclear Physics Laboratory, Oxford, U.K.

Abstract

The variation of the total cross section o, and the absorption cross section -
o, with the parameters of the spherical optical potential (SOP) at low neutron
energies for the nuclel in the region of the maximum strength function (4 =
40 ~ 60) has been studied. These results show that the dependence of o, and o,
on the parameters of the SOP and neutron energy is very complicated. For the
dependence of the cross section on the SOP, the real potential parameters are
more sensitive than the imaginary potential ones, and the real potential depth
Vo and real radius parameter rg are the most sensitive parameters in the SOP.
The behaviours of the total cross section with varying SOP parameters depend
strongly on the neutron energy and are very different for the different nuclei.
The results has shown why the existing parametrizations do not give a good
agreement with experimental data for low neutron energies in this mass region.
The processes and results shown in this paper are significant to obtain the best
parametrization for fitting the experimental data.

1. Introduction

The optical model provides the basis for many theoretical analyses that are
used 1n reproducing experimental data and supplying nuclear data for appli-
cation. In addition to offering a convenient means for the calculations of the
neutron total cross section, shape elastic cross section and angular distribution,
optical potentials are widely used in DWBA analyses and, most importantly, in
supplying transmission coefficients for Hauser-Feshbach statistical theory calcu-
lations. The most important tasks in all these applications of the optical model
is to determine the optical model parameters. One of the long-standing task
here 1s the search for a unique set of optical potential parameters which can
accuratly describe as much experimental data as possible in wide regions of neu-
tron energies and nuclear masses. In recent years some important analyses of the
existing parametrizations have been made by P.G.Young! (1985), V.A.Konshin
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and 0.V.Konshin®) (1987) respectively. Thirteen kinds of global spherical opti-
cal parametrizations®~1%) available, from the first parametrization®) to the latest
ones!!'?%) have been included in their analysis. The comparative analyses of the
different parametrizations of the spherical optical potential (SOP) have shown
that parametrizations of SOP which fit the higher energies experimental data
very accurately tend to give total cross sections that can not reproduce the
experimental data at low energies for the nuclei in the region of the maximum
strength function (A = 40 ~ 60). From Fig.1 which is taken from Ref.[1] one can
see that in the total cross sections for *°Ca no existing parametrization discribes
a deep minimum in o, for neutron energies below 4 MeV. At higher energies a
satisfactory agreement with experimental data can be reached by using param-
eters (3], [10] and [11]. The same problem at low energies also takes place *®Ni
and here the critical energy is below 3 MeV. For higher energies a good agree-
ment with experimental data for 5*Ni can be obtained by using parameters [4],
(10] and [11]. The fact that the level excitation functions can not be reproduced
by any existing parametrizations in the mass region above A=40 is also quite
serious.

We want to discuss this problem from other approach. The variation of the
total cross section o, and the absorption cross section o, with the parameters
of the SOP for different neutron energies has been studied. These results show
that the dependence of o; and o, on the parameters of the SOP and neutron
energy is very complicated. We have shown why the existing parametrizations
[3~13] do not give a good agreement with experimental data for low neutron
energies in this mass region. The processes and results shown in this paper are
significant to obtain the best parametrization for fitting the experimental data.

2. The parameters of the SOP

A standard representation of the phenomenological SOP is used thoughout
the paper:

U(r, B) = ~V(B)fa(r) = iWV(E)fv(r) + i4apWo(E)2- ol

% \? Vso d
+ (7)) 220050ty
where
filr) = [1 4 exp(Z=2) ! i=R,V,D,SO
R, =r;Al/3 i=R,V.D, SO
and



Vr(E) =V, —0.31F (MeV)

Wy(E)=0 (MeV) _

Wp(E) =W, +04F (MeV) (2)
- Vso=6 4 (MeV)

rso =1.2 (fm)

aso = 0.5 (fm)

The fact that Wy (E) = 0 1s due to analysed neutron energy region En < 10
MeV in this analysis, and the attention focusses mainly on parameters Vg, rr, ar,
Wo,rp, and ap. The analytical process is as follows : We study respectively
the variation of ¢; and o, with various optical model parameter for the different
neutron energies, whilst fixing the other ones in their reasonable regions. The
optical model paramerters of reference are as follows :

rg = 1.27 (fm)

ag = 0.68 (fm) (3)
Wy =-24 (MeV)

rp = 1.27 (fm)

ap = 0.58 (fm)

3. The results and analyses

The total cross section and absorption cross section for the interaction of
neutrons with 4°Ca and 8Ni are calculated at neutron energies Ex =0.5, 0.7,
1.0, 1.5, 2.0, 3.0, 4.0, 5.0, 7.0 and 10.0 MeV. The resulting values of the total
cross section and the absorption cross section are shown as a function of the
constant term Vj of the real potential depth at the above energies for *°Ca and
58Ni, shown in Figs. 2 ~ 5. As well as the absorption cross section, o,/0; is
also very important in learning about the fraction occupied by the absorption
in the total cross section for the Hauser-Feshbach theory calculation in Figs. 3
and 5. The difference between Fig. 4(a) and Fig. 4(b) is only that different
radius parameter of the real potential are used. The latter being rg = 1.21
fm. The differece between Fig. 4(a) and Fig. 4(c) is only that different surface
diffuseness of the real potential are used. The latter being ag = 0.62 fm. The
comparisons of the various results show that the variational characteristic of the
curves seems similar, but they are displaced.

The other sensitive parameter of the SOP is the real radius parameter rp.
The calculated results of o, g, and 0,/0; as a function of rg are presented
in Figs.6 ~ 9. The results of Fig. 8(a), (b) and (c) are obtained with the
different parameter Vy which are taken as 46.54 MeV, 48.54 MeV and 50.54
MeV respectively. The comparisons of these results show that the variational
characteristic seems similar, but they are displaced.

The above results show that the variances of the cross section and ab-
sorption cross section with increasing real potential depths and radii are quite



complicated. The variational behaviour of the total cross section with increasing
Vs and rg 1s very different for the different energies. The results of Fig. 10 and
Fig. 11 show the changing character of the total cross section with varying Vj
and rg within a wider range of the parameter variation. The fluctuations of the
total cross section are especially violent for energies less than about 5 MeV. For
lower energies, the total cross section can change by ~ 25% on increasing rr by
1 %. The variation of the total cross sections with increasing V4 and rg is very
. large for the lower energies.

The calculated results of o4, ¢, and ¢,/0 as a function of ag are presented
in Figs. 12 ~ 15. These results show that the variation of the cross section
with increasing real surface diffuseness do not fluctuate so greatly as those with
Vo and rr. The total cross section can change by ~ 7 % (the greatest) when
increasing ag by 10 % at Exy=3.0 MeV for ‘°Ca, and it can change by 9 % (the
greatest) at Ex=0.5 MeV for ®®Ni when increasing ag by increasing ag by 10
%. In addition, even though the neutron energy is the same, the behaviours
of the total cross sections with increasing ag are very different for the various
nuclei.

The calculated results of oy, o, and o,/0; as a function of Wy are presented
in Figs. 16 ~ 19. The comparison between Fig. 16 and Fig. 18 show that the
behaviours of the total cross section for 4°Ca and 3®Ni are different. For several
lower energies, as W) is raised the total cross sections for 4°Ca increase. but the
situation for ®8Ni proves to be the contrary. The greatest variances of the total
cross section can change by 5 % when increasing Wy by 10 %.

The calculated results of 0., 0, and o, /0, as a function of rp and ap are
presented in Figs. 20 ~ 23 and Figs. 24 ~ 27 respectively. These results show
that the variations of the cross sections are very small and Wy, rp and ap raised
0. and o, /0¢ increase very slowly. The greatest change in the total cross section
is ~ 6 % on increasing rp or ap by 10 %.

4. Conclusions

The calculations made to study the sensitivity of optical model results on
variations of the potential parameters for the interaction of neutrons with nuclei

40Ca and ®®Ni show that :

a). For the dependence of the cross section on the SOP, the real potential
parameters are more sensitive than the imaginary potential ones, and the real
potential depth V, and real radius parameter rg are the most sensitive parame-
ters in the SOP. Small changes in Vj or rr lead to great variations in the cross
section. The total cross section can change by ~25 % on increasing Vj or rr by
1 %, and by < 1 % on increasing the other parameters by 1 %.

b). The results clearly show that the behaviours of the total cross section
with varying SOP parameters depend strongly on the neutron energy. The
variations of the total cross section with varyng the SOP parameters are the more
extreme, the lower neutron energy. For energies below about 1 MeV, the total



cross sections with increasing V; or rg fluctuate quite violently. However, for
the higher neutron energies, the variations of total cross section with increasing
the SOP parameters are smaller.

The results also show that the variations of the cross section with increasing
the SOP parameters are very different for different energies. The total cross
sections increase with some SOP parameter for some energies, decrease for some
energies,and fluctuate or do not change for other energies.

c). For a given neutron energy, the behaviours of the cross sections with
varying SOP parameter are very different in the same range of the optical poten-
tial parameter for the different nuclei. For exampe, we can compare the results
of Fig. 2 and Fig. 4 or Fig. 6 and Fig. 8. The total cross sections decrease
with increasing V; or rg for 4°Ca, but increase for 58Ni below about 1 MeV. The
total cross sections increase with increasing V; or rg for 4°Ca, but decrease for
58Ni when neutron energies are 3, 4 and 5 MeV. As might be expected, the total
cross sections increase with increasing Vg or rg for energies above 5 MeV in the
parameter ranges of Fig. 2 and Fig. 4 or Fig. 6 and Fig. 8. For different nuclei
the dependence of the total cross sections on the SOP parameters is so different
that it is very difficult to get a unique set of the optical potential parameters
which can accurately describe as much experimental data as possible in a wide
regions of neutron energies and nuclear masses.

d). We can not look for a set of the optical potential parameter to accord
with the experimental data for the above ten energies simultaneously, regardless
of whether we are *°Ca or °®Ni in all these Figs. of the total cross section-
the SOP parameter. Therefore it is not strange for us that no parametrizition
as mentioned above can reproduce the experimental data of lower energies and
higher energies at the same time.

Many authors have discussed this problem using different approaches to
resolve this difficulty. Finlay et al'®) (1985) proposed to introduce the energy
dependent geometry parameter — a new and important step. One might get
the impression that at low energies a behaviour of the optical potential changes
and the necessily arises for the introduction of the non-traditional energy de-
pendence of potential parameters. It is, of course, possible to accommodate
these and other departures from the simple optical model by more complicated
parametrisations, but in the absence of theoretical guidance concerning the form
of parametrisations, these are inevitably arbitrary and are unlikely to be appl-
cable outside the domain where they are fitted to experimental data.

The other method, a consistent analysis for the neutron total cross sections
using dispersion relations that connect the real and imaginary part of optical
potential at low energies was provided 7). The contribution of the surface
component in dispersion relations has the effect of increasing the effective radius
and the surface diffuseness of the real potential. As previously pointed out, the
behaviours of the total cross sections with increasing radius are different for the
different neutron energies. Therefor, it is difficult too to improve in agreement
with experimental data for all energies.



e). The results show too that the o, and o,/0¢ with increasing Wy, rp
and ap increase slowly.

These results show that the total neutron cross sections at low energies is
governed by an interference effects ') that make it rather sensitive to quite small
changes of some parameters in the SOP. This is presumable due to a Ramsauer-
like interference effect, between the waves going through the nucleus and those
going around it. '

I would like to' thank Dr. P.E. Hodgson and M.B. Chadwick for helpful

discussions.
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Fig.23 Absorption cross section and o,/0, for the interaction of neutrons with *¢Ca
as a function of the radius parameter rp of the imaginary potential for several

energies.
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Fig.24 Total cross section for the interaction of neutrons with 4°Ca as a function
of the surface diffuseness parameter ap of the imaginary potential for several
energies.
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Fig.25 Absorption cross section and ¢,/0 for the interaction of neutrons with 4°Ca
as a function of the surface diffuseness parameter ap of the imaginary potential
for several energies.
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Fig.26 Total cross section for the interaction of neutrons with ®*8Ni as a function
of the surface diffuseness parameter ap of the imaginary potential for several
energies.
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Fig.27 Absorption cross section and o,/0, for the interaction of neutrons with 38Ca
as a function of the surface diffuseness parameter ap of the imaginary potential
for several energies.



